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Fig. 1. The Raman spectra of the compounds. A: [Ni(dmg)z] 
(488.0 run); B: [Pd(dmg)z] (476.5 nm); C: [Pt(dmg)z] 
(5 14.5 nm) (IS indicates the 980 cm-’ band of KzS04 which 
was added as the internal standard). 

The origin of the well-resolved band at 538 nm of 
solid [Ni(dmg),] has been controversial [l-7]. 
Several workers [2, 31 associated it with the inter- 
molecular Ni-Ni interaction while other workers 
[5-71 attributed it to an electronic transition within 
the single molecule. Recently, resonance Raman (RR) 
spectroscopy has proved to be very useful in assigning 
the electronic spectra of coordination compounds 
[8,9]. In this communication, we wish to report the 
RR spectra and excitation profiles of [Ni(dmg),] , 
[Pd(dmg)J and [Pt(dmg),] in the solid state and to 
provide definitive evidence to support the single- 
molecule theory advanced by the previous workers 
[S-7]. 

Figure 1 shows the RR spectra of the three com- 
pounds obtained by using the exciting lines listed in 
the legend. It is seen that all the compounds exhibit 
similar spectra with two or three strong bands in the 
1550-1300 cm-’ region (Table I). It was also noted 
that these spectra are strikingly similar to that of the 
[Fe(bmi),] *+ ion in aqueous solution [lo] . 

The title compounds were prepared according to 
the methods described in [S] . The resonance Raman 
spectra were measured by using a Spex Model 1401 
double monochromator. Detection was made with a 
cooled RCA C31034 A photomultiplier tube with 
DC amplification. Excitations at 476.5, 488.0 and 
5 14.5 nm were made by a Spectra-Physics Model 164 
Argon-ion laser and those at 579.0 and 550.0 nm 
were made by a Spectra-Physics Model 365 CW dye- 
laser (Rhodamine 6G, sodium fluorescein) pumped 
by the above 4W Argon-ion laser. To compare relative 
intensity, the internal standard (K$O,) was mixed 
homogeneously with the sample in a KBr pellet. All 
the intensities were corrected for the v4 dependence 
and detector response. The rotating sample technique 
was used to avoid thermal decomposition. 
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At 5 14.5 nm excitation, for example, [Fe(bmi)s] ** 
exhibits three bands at 1542 (strong), 1400 (medium) 
and 1334 cm-’ (strong) while [Ni(dmg)*] shows the 
corresponding bands at 1510 (strong), 1379 (medi- 
um) and 1355 cm-’ (strong) (see Fig. 2). Evidently 
these bands are due to the CN, CC stretching or their 
coupled vibrations of the adiimine skeleton [lo] 
which is common to both compounds. 

Figure 2 shows the RR spectra of [Ni(dmg),] as a 
function of the exciting frequency. The excitation 
profiles shown in Fig. 3 were obtained by plotting the 
relative intensities of the two strong adiimine bands 
at 15 10 and 1355 cm-’ as a function of the exciting 
frequency (the electronic spectra shown in Figs. 3-5 
were taken from the work of Basu et al. [5]). It is 
seen that the intensities of these two bands are 

TABLE I. Electronic Absorption Maxima and Resonanceenhanced Bands. 

Complex 

[Ni(dmg)zl 
[Pd(dmg)zl 
IPt(dmg)21 

&naJnm) [71 

538 
465 
662 

Resonanceenhanced Bands (cm-‘) 

1510, 1379, 1355 
1479, 1342 
1477, 1336 
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Fig, 2. The resonance Raman spectra of (Ni(dmg)zJ. A: 
579.0 nm; B: 514.5 nm; C: 488.0 nm; D: 476.5 nm (IS 
indicates the 980 cm-t band of KzS04 which was added as 
the internal standard). 
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Fig. 3. The excitation profiles of [Ni(dmg)z] A . 1510 cm-’ 
band; l 1355 cm-’ band. 

maximized near the electronic absorption peak at 538 
nm. This result definitely supports the previous 
workers [5-71 who attributed the 538 nm band to an 
electronic transition within a single molecule. The 
single-molecule theory is also supported by the fact 
that no strong resonance enhancement of the Ni-Ni 
stretching mode has been observed in the low 
frequency region. 

Figures 4 and 5 show excitation profiles of 
[Pd(dmg), J and [Pt(dmg),] , respectively. Unfortu- 
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Fig. 4. The excitation profdes of [Pd(dmg)z] . A 1479 cm-t 
band; l 1342 cm-* band. 
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Fig. 5. The excitation profiles of [Pt(dmg)z]. A 1477 cm-’ 
band; l 1336 cm-l band. 

nately, these profiles are not complete due to the lack 
of proper exciting laser sources near the absorption 
maximum. It is reasonable, however, to expect similar 
results for these compounds since previous workers 
[5-71 have already demonstrated that the nature of 
the visible bands is the same for all three compounds. 
Finally, the nature of the intramolecular electronic 
transition involved in resonance enhancement is not 
immediately obvious from our work. In the case of 
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the [Fe(bmi)a] ‘* ion, the strong Fe + ligand CT 
transition at 568 nm was responsible for resonance 
enhancement. In general, strong resonance effect is 
observed only for electronic transitions accompanied 
with large oscillator strengths. In this respect, the 
present result seems to prefer the mixing of 3d,l + 
4p, and a metal + ligand CT [6] rather than pure 
3dzt ‘+ 4p, transition [7] as a possible origin of the 
visible bands of the title compounds. 
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